Two recent Debates have focused on the elucidation of the molecular basis of human sperm-zona interaction, i.e. initial adhesion, tight binding, aggregation of sperm surface receptors, acrosome exocytosis, and secondary binding (Barriere et al., 1998; Miranda, 1998) . Both Debates emphasize the role that the hemizona assay (HZA; Burkman et al., 1988; Liu et al., 1988) has played in achieving this goal. Although initially designed as a diagnostic test to predict sperm fertilizing potential prior to assisted reproduction (e.g. Oehninger et al., 1991a Oehninger et al., , 1997 Franken et al., 1993; Liu et al., 1994b; Coddington et al., 1997) , the HZA has proven to be an important basic research tool in the study of the zona carbohydrate moieties (review: Benoff, 1997 ) that regulate species specificity of fertilization (Oehninger et al., 1993) via primary binding of spermatozoa and induction of the acrosome reaction (e.g. Mori et al., 1989; Coddington et al., 1990; Oehninger et al., 1990 Oehninger et al., , 1991b Lanzendorf et al., 1994; Miranda et al., 1997) . In addition, results from HZA studies clearly demonstrate that human spermatozoa bind to the human zona pellucida with their acrosomes intact and undergo the physiological acrosome reaction after zona binding Baker, 1990, 1994a; Hoshi et al., 1993) . The zona ligands involved in primary and secondary binding of spermatozoa differ (review: Benoff, 1997). The major point made by Miranda (1998) is the need to mimic the conditions spermatozoa encounter in vivo, arguing for the use of capacitated spermatozoa in both clinical testing and basic research. In contrast, Barriere et al. (1998) are primarily concerned with the nomenclature of the components of the zona pellucida, potential species-specific differences in zona components and decreases in the molecular weights of zona glycoproteins after fertilization.
Unfortunately, these two articles do not present a balanced view of the information needed to identify molecular deficits underlying gamete dysfunction and to optimize clinical success. The HZA is not the only assay which provides important © European Society for Human Reproduction and Embryology 925 information about sperm fertilizing potential. A series of signal transduction pathways and ion channels must be activated in spermatozoa after zona pellucida binding in order to effect acrosomal exocytosis and penetration through the zona pellucida (review: Benoff, 1998). Their functionality can be assessed with antibodies, lectins or neoglycoproteins that aggregate sperm surface proteins in a manner analogous to zona ligands, by applying activators or inhibitors of Gproteins and of protein kinases, through the use of proteinase inhibitors, by measurements of ion flux and by exposure to specific inhibitors of calcium and potassium ion channels (e.g. Jacob et al., 1997; review: Benoff, 1997 review: Benoff, , 1998 . Expression of the sperm surface adhesion molecules which regulate spermoolemmal fusion can be measured with antibodies or specific ligands (review: Benoff, 1998). All of these basic research approaches can easily be translated into assays suitable for implementation in a sophisticated clinical setting, such as one which would employ the HZA. Such assays have the additional advantage that the reagents required are more readily available (many commercially) than are human oocytes.
While sperm factors leading to infertility have been relatively well studied (e.g. Benoff et al., 1996; Cooke et al., 1998) , researchers are just beginning to recognize that oocyte defects also contribute to unexplained infertility (Ezra et al., 1992; Oehninger et al., 1995; Van Blerkom, 1997) . Oocyte dysfunction may result: (i) from structural defects in zona glycoproteins (Oehninger et al., 1996) , which may reduce their ability to act as sperm receptors or to induce the acrosome reaction (Ezra et al., 1992) , (ii) from autoantibodies to the zona pellucida (Caudle et al., 1987) , which could block sperm receptor sites on the zona surface, or (iii) from polymorphic expression of oolemmal proteins (Ji et al., 1997) . More importantly, dehiscence of the cortical granules of the oocyte regulates the modifications in the molecular weights of zona glycoproteins described, resulting in loss of sperm binding activity and the block to polyspermy (review: Benoff, 1997), and is part of the pathway leading to oocyte activation. Rather than concerning ourselves with nomenclature or with which zona glycoprotein is modified after fertilization in man as compared to animal models (Bleil et al., 1981; Shabanowitz and O'Rand, 1988a,b; Moller and Wassarman, 1989; Moos et al., 1994 Moos et al., , 1995 Bercegeay et al., 1995; Ducibella et al., 1995) , we need a more comprehensive understanding of the molecular mechanisms regulating cortical granule exocytosis (Benoff, 1998) . The elegant studies of Ducibella and co-workers clearly demonstrate that precocious release of cortical granules with subsequent zona hardening underlies a significant number of cases of failed fertilization following conventional IVF inseminations (Ducibella et al., 1995) and that the failure to undergo cortical granule release is a major cause of failed fertilization following ICSI (Gross et al., 1996) . The former may also contribute to the reduced fertilization and pregnancy rates observed following reinsemination of human oocytes that did not exhibit pronuclear formation 16-24 h after the initial insemination attempt (Trounson and Webb, 1984; Ben-Rafael et al., 1986; Pampiglione et al., 1990; Tucker et al., 1991) . The latter is likely to become an even more important concern as: (i) differences are observed among oocytes retrieved from the same patient with regard to stage of meiotic maturation (Flood et al., 1990; Hammitt et al., 1993) , (ii) the time course of oocyte activation is delayed following ICSI (Taylor et al., 1993; Sousa, 1994, 1995; , and (iii) there is now an impetus in assisted reproduction to retrieve immature oocytes, allow them to mature in vitro and then fertilize them by ICSI (Barnes et al., 1995 (Barnes et al., , 1996 Liu et al., 1997; Tesarik and Mendoza, 1997) . Oocyte activation failure also contributes to Ͼ20% of cases of failed fertilization following conventional insemination in vitro (Van Blerkom et al., 1994b) .
Despite the arguments of Barriere et al. (1998) , studies in animal systems are useful in the modelling of human spermegg interactions and can help address clinical concerns outlined above. A series of studies demonstrate that the events of oocyte activation (the cortical granule reaction, extrusion of the second polar body and re-entry into the cell cycle) are regulated by the concentration of intracellular calcium (review: Benoff, 1998) and that considerable similarities exist in the course of these events in human and animal ova. Three examples are provided to support this claim. First, sperm entry into the hamster or mouse ooplasm is followed by large calcium spike and subsequent smaller repetitive oscillations in intracellular calcium content (Miyazaki, 1991; Jones et al., 1995) . Both influx of extracellular calcium and release of calcium from intracellular stores contribute to this process (e.g. Miyazaki, 1991; Shen, 1992; Shiina et al., 1993; Arnoult et al., 1996) . This oscillatory phenomenon is also induced in human oocytes by human spermatozoa at fertilization (Taylor et al., 1993) . Human oocytes also utilize the same two sources of calcium to produce these calcium transients (e.g. .
Second, hamster oocytes exhibit a size-dependent ability to undergo meiosis and complete maturation (Iwamatsu and Yanagimachi, 1975) . Consistent with this, the underlying cellular mechanisms which regulate the ability to undergo calcium oscillations develop at a relatively late stage in maturation of mouse oocytes, between metaphase I and metaphase II (Ducibella et al., 1990a; Ducibella and Buetow, 1994) . Nevertheless, immature oocytes are able to undergo localized cortical granule exocytosis which, under certain conditions, also results in modification of zona glycoproteins and zona hardening (Ducibella et al., 1990b) . Human oocytes exhibit similar properties. A relationship exists between oocyte size and maturation in vitro (Durinzi et al., 1995) . Although germinal vesicle stage, immature human oocytes are penetrated by spermatozoa after insemination in vitro, undergo localized cortical granule exocytosis and, presumably, zona hardening, in most cases pronuclei are not formed Van Blerkom et al., 1994a) . This can be explained by the fact that calcium signalling processes are not fully developed, as 926 a higher proportion of metaphase II human oocytes as compared with metaphase I oocytes respond to pharmacological agents that stimulate calcium oscillations (Herbert et al., 1995) .
Third, genetic differences exist between mouse strains with regard to the number of cortical granules in oocytes and to premature cortical granule loss and zona pellucida hardening (Kaleta, 1979; Wabik-Sliz, 1979 ). In addition, in the mouse, calcium oscillations have been demonstrated to be more than just a stimulus for oocyte activation (Bos-Mikich et al., 1997) . A long-term role for the calcium transients in embryonic development is implied by the observed relationship between them and the number of inner cell mass cells. These findings potentially help to explain why oocytes from irregularly cycling women and from anovulatory women with polycystic ovary disease exhibit a markedly reduced developmental capacity (Barnes et al., 1996) .
A major question for future study is how to effectively ensure in the clinical IVF laboratory the developmental competence of human oocytes. Two lines of investigation immediately come to mind. Both involve the further study of the mechanisms regulating calcium signalling in the oocyte as current data indicate that treatments which trigger cortical granule exocytosis can be used to augment fertilization and live birth rates in animals and in man (review: S.Benoff, manuscript submitted).
First, both the molecular nature of the cytosolic sperm factor, 'oscillin' (Homa and Swann, 1994; Parrington et al., 1996) , which triggers calcium signaling post sperm-oolemmal fusion and the initial target of oscillin action need to be characterized. As oscillin does not exhibit species-specific actions (Homa and Swann, 1994; Dozortsev et al., 1995; Wu et al., 1997) , identification of its primary structure can readily be performed in animal systems. In addition, as the initial event in egg activation is an inward wave of calcium (review: Benoff, 1998) which can be blocked by the L-type calcium channel blockers nifedipine and verapamil (Shiina et al., 1993; Hiroi, 1996) , it is reasonable to suggest that a calcium channel in the oolemma is activated by oscillin (Benoff, 1998) . This channel has recently been identified in rat ovary (Goodwin et al., 1998) . As preliminary data indicate that calcium ion channel structure and expression in the germ line is conserved across species (e.g. Goodwin et al., 1997a,b) , animal systems can be also used to examine this suggestion.
Second, the factors which regulate the development of meiotic competence of human oocytes need to be identified. Currently, the majority of human oocytes matured in vitro do not fully develop the calcium signalling mechanisms required to initiate activation (Herbert et al., 1997) . Here, it must be recognized that hamster and mouse oocytes exhibit 'activation competence' only during a very brief window (Yanagimachi and Chang, 1961; Whittingham and Siracusa, 1978; Ducibella et al., 1990a; Xu et al., 1997) . It is likely that information derived from animal systems, such as how to prevent precocious hardening of the zona pellucida during maturation in vitro (Ducibella et al., 1990b) , will aid in the development of culture systems for improved in-vitro maturation of human oocytes (e.g. Janssenswillen et al., 1995) . Data from animal systems also provide guidance concerning the reagents to be employed in assessing maturation-dependent changes (e.g. Ducibella et al., 1993) . Stimulation protocols will also have to be examined as there is preliminary evidence that in-vivo exposures have an effect on in-vitro maturation (Mercan et al., 1997) . Again, such studies can initially be conducted with animals (e.g. Ducibella et al., 1993; Xu et al., 1997) .
The molecular mechanisms underlying gamete dysfunction are many, so we cannot ignore pathways which may explicate them. Male, female and animal studies will all contribute to improved take-home-baby rates. We must make sensible use of the advances of all our colleagues whatever aspect of the common problem they may have chosen to address.
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